on the monocyte cell surface is essential for activation of cytotoxic activity. Overall, the results of this study provide evidence for a novel role of the Tag7 protein in the immune response.
Introduction
Analysis of the mechanisms of activation of the immune response is a major field of study in modern immunology. In particular, it involves the search for new proteins that can induce an immune response against immune-evasive tumor cells, including those completely devoid of the major histocompatibility complex (MHC) and, hence, invulnerable to classical cytotoxic lymphocytes [1, 2] . Of special interest in this respect are cytokines as proteins that cause the proliferation and differentiation of lymphocytes.
The best-studied cytokines are TNF-α, INF-γ, and IL-2. One of the first cytokines to be discovered was TNF-α [3] . The biologically active form of TNF-α is a trimer, and Keywords Natural killer cells · Cytotoxicity · Monocytes · FasL · Apoptosis · Necroptosis · Tag7 · NKG2D · TREM-1
Abstract
The search for new immune response mechanisms capable of controlling immune-evasive tumor cells devoid of the MHC antigen is a challenging task for immunologists. In this study, we found that the treatment of human peripheral blood lymphocytes with the innate immunity protein Tag7 (PGRP-S, PGLYRP1) induces differentiation of the populations of NK (natural killer) cells and CD8+ and CD4+ T lymphocytes that are cytotoxic for human leukocyte antigennegative tumor cells. These populations employ different mechanisms of tumor cell lysis (based on the release of granzymes in the case of NK cells and on the FasL-Fas interaction in the case of CD8+ and CD4+ T lymphocytes) and induce different death pathways (apoptosis or necroptosis) in tumor cells. An analysis of genes activated in leukocyte populations after Tag7 treatment and experiments with specific inhibitors have shown that the TREM-1 receptor expressed it has 2 cell surface receptors, TNFR1 and TNFR2, that transduce different signals. TNFR1, the main receptor for this cytokine, contains the death domain and can transduce not only the signals triggering cell death by apoptosis or necroptosis [4] , but also the signal stimulating cell proliferation [5] . The TNFR2 receptor lacks the death domain and mainly transduces cell activation signals [6] .
The CD8+ effector T lymphocytes produce cytokine INF-γ, which can block virus replication and has a strong antitumor effect [7] . The cytokine IL-2 deserves special attention. It was as early as 1982 that Steven A. Rosenberg and colleagues showed that human peripheral blood lymphocytes incubated with IL-2 give rise to lymphokineactivated killer (LAK) cells that are cytotoxic to malignant cells [8] . It has also been found that CD8+NKG2D+ T lymphocytes treated with IL-2 or IL-15 can transform into LAK cells with NK (natural killer)-like activity [9, 10] . We have recently shown that human peripheral blood mononuclear cells (PBMCs) incubated with IL-2 for 6 days proved to generate subpopulations of CD4+ and CD8+ Т lymphocytes capable of lysing human leukocyte antigen (HLA)-negative human erythroblastoma K562 cells. In particular, the CD4+ T lymphocyte subpopulation killed the K562 cells that carried surfacebound Hsp70 protein. These lymphocytes were found to express the Tag7 protein that formed a complex with Hsp70 [11] .
The innate immunity protein Tag7 is also known as peptidoglycan recognition protein (PGLYRP1). Its structure is highly conserved from insects to mammals. The gene encoding this protein in mice was identified in our laboratory [12] , and its homologs (PGRP-S) were subsequently found in insects [13] . In Drosophila, PGRP-S is a key component of immune defense, which binds bacterial peptidoglycan and activates the Toll and IMD pathways of the immune system [14] . The mammalian Tag7 protein has a direct antibacterial activity [15] .
We have found that Tag7 also has other functions in the immune defense. In addition to the aforementioned recognition and lysis of Hsp70+ K562 cells, Tag7 in complex with the Mts1 protein can attract NK cells and lymphocytes to the focus of infection [16] . Moreover, it interacts with Hsp70 to form the cytotoxic Tag7-Hsp70 complex capable of killing tumor cells [17] , which binds to the known TNFR1 death receptor expressed on their surface [18] . We have shown that it is the Tag7 protein that is responsible for the interaction of this complex with the receptor [19] . Taking into account that TNFR1 is a multifunctional receptor that can trigger not only the apoptotic and necroptotic pathways but also cell proliferation and differentiation, we assumed that Tag7 may be involved in lymphocyte activation as well as in the mechanisms of cell death.
The purpose of this study was to determine: (i) whether Tag7 protein can induce cytotoxic activity in PBMCs, (ii) what cellular subpopulations exhibit cytotoxic activity, and (iii) what cytotoxic mechanism are used to kill cancer cells.
Materials and Methods

Cell Culture and Sorting
Human erythroblastoma K562 cells and human lymphoblastoma MOLT-4 cells were cultured in RPMI-1640. Human cervical carcinoma HeLa cells and murine L929 fibroblasts were cultured in DMEM, with 2 m M L -glutamine and 10% fetal calf serum in both media (all from Invitrogen, Carlsbad, CA, USA). Human PBMCs were isolated from the total leukocyte pool of healthy donors by Ficoll-Hypaque density gradient centrifugation, as described previously [20] , and cultured at a density of 4 × 10 6 cells/mL in RPMI-1640 (see above) with 10 -9 M of Tag7 for 6 days. In some experiments, the medium was supplemented with the LP17 peptide (LQVTDSGLYRCVIYHPP, 0.1 mg/mL, as shown by Qian et al. [21] ) 1 h before adding Tag7. Cell sorting and isolation of monocytes were performed using standard magnetic bead kits (Dynal Biotech ASA, Oslo, Norway) according to the manufacturer's protocol. The results were regularly tested by flow cytometry. The purity of cell fractions in all tests was no less than 80%.
Proteins and Antibodies
The cDNAs encoding recombinant human Tag7 (GenBank accession No. NM_005091) were subcloned in pQE-31 and expressed in E. coli М15 (pREP4; Qiagen, Hilden, Germany). Tag7 was purified as described previously [22] . Limulus assays (Limulus amebocyte lysis chromogenic endpoint assay; Cambrex) of recombinant Tag7 did not detect LPS above the detection limit of 1 endotoxin unit per microgram of protein. In some of the experiments we used Tag7 purified from the human lymphocytes. For this purpose, we gently lysed human lymphocytes via freeze thawing, then the cytosolic fraction was collected in the presence of protease inhibitors, and loaded onto the anti-Tag7 conjugated BrCN-Sepharose. The purity of the eluted protein was assessed by SDS-PAGE. Polyclonal antibodies to the Nterminus of Fas (N-18), C-terminus of FasL (С-178), NKG2D, and MicA were from Sigma-Aldrich (St. Louis, MO, USA); CD4-FITC, CD4-PE, CD8-FITC, CD8-TC, CD3-PE, CD3-TC, CD16-FITC, CD56-PE, NKG2D-FITC, MicA-PE, FasL-FITC, FasL-PE, and Fas-PE antibodies were from Caltag Medsystems (Buckingham, UK).
Cytotoxicity Assays
The K562 cells cultured in 96-well plates (3 × 10 4 cells per well) were mixed with lymphocytes added at a 20: 1 ratio and incubated at 37 ° C for 3-24 h. The inhibition test was conducted with polyclonal antibodies (anti-NKG2D, anti-MicA, anti-Fas, anti-FasL, and anti-granzyme B) at a concentration of 20 μg/mL. This concentration was selected based on the dose-dependency curve (see online suppl. Fig. S1 ; see www.karger.com/doi/10.1159/000479382 for all online suppl. material). Dead cells were detected with a Cytotox 600 96 Assay kit (Promega, Madison, WI, USA). The death rate of control cells (lymphocytes or target cancer cells) did not exceed 3%.
In the enzyme inhibition assays, the cells were initially treated for 1 h with the caspase 3 inhibitor Ac-DEVD-CHO, caspase 8 inhibitor Ac-IETD-CHO (50 μ M each), or RIP1 kinase inhibitor necrostatin 1 (5 m M ; all from Sigma-Aldrich), and then the lymphocytes were added.
Flow Cytometry
The cells were fixed with 1% paraformaldehyde (Sigma-Aldrich) and stained with appropriate antibodies at room temperature. The samples (at least 10 4 cells each) were analyzed with an Epics Elite flow cytometer (Coulter, Marseille, France) in the logarithmic channel of fluorescence. The data were processed with EXPO32 software (Applied Cytometry Systems, Sheffield, UK). Cells were gated in forward and side scatter to remove cell debris.
Microarray Analysis
The mRNA was extracted from control PBMCs cultured in RPMI-1640 or from PBMCs incubated for 3 or 24 h with 10 -9 M of Tag7. Two samples from each time point were used for analysis with the HumanHT-12 expression microarray kit (Illumina Inc., San Diego, CA, USA). The resulting data were filtered with a threshold detection value of p = 0.05 and then normalized by the quantile normalization method. The sample-to-reference ratio was used to identify genes induced or reduced more than 2-fold (at p ≤ 0.05), which were classified as significantly changed genes.
RNAi Knockdown, Transfection, and Stable shMicA K562 Cell Line Generation
The pGPV RNAi system (Eurogen) was used to downregulate hMicA expression in the K562 cells. Two fragments of hMicA (5 ′ -GCAGAAGATGTCCTGGGAAA-3 ′ and 5 ′ -CTATGTCCGT-TGTTGTAAGA-3 ′ ) were cloned as hairpins in pGPV and used for the transfection with Lipofectamine ® LTX Reagent with PLUS TM Reagent (Thermo Fisher Scientific). The control cells were transfected with pGVP vector expressing a "scrambled" shRNA sequence. A heterogeneous stable K562 cell line was generated with puromycin (1 μ/mL), and then the individual clones with the most dramatic decrease in the MicA mRNA were selected. Downregulation of the MicA mRNA was tested with the primer pairs: forward, 5 ′ -AAGACCAAGACACACTATCACGC and reverse, 5 ′ -GGT-GTCGTGGCTCAAAGATAC. The level of the ENY2 mRNA was used as a reference (primers 5 ′ -GCAGATGAGAGCAGCGATTA-ACC-3 ′ and 5 ′ -GGAGTGATTTCAGCCACCAA GTC-3 ′ ). Primers for RT-PCR were as follows: TNF-α: forward, 5 ′ -TCTCTCTA-ATCAGCCCTCTGGC and reverse, 5 ′ -GGTT ATCTCTCAGCT-CCACGCC; IL-6: forward, 5 ′ -GGAACAAGCCAGAGCTGTGC and reverse, 5 ′ -TGCCGAAGAGCCCTCAGG; IL-1β: forward, 5 ′ -GTACGATCACTGAACTGCACGC and reverse, 5 ′ -CACGC-AG GACAGGTACAGATTC.
Statistical Analysis
Data are presented as the mean ± standard deviation (SD). All data were calculated from at least 3 independent biological replicates. Differences from the control were tested for statistical significance with MathCad software (PTC, Cambridge, MA, USA) using the Student t test for experiments on cell treatment with a single agent and 2-way ANOVA for experiments on cell treatment with 2 or more agents (see individual figure legends).
Results
Tag7 Induces Cytotoxic Activity against K562 and MOLT-4 Tumor Cells in Human Lymphocytes
PBMCs isolated from the blood of healthy donors were incubated with Tag7 (10 -9 М ) for 6 days and then tested М ) for 6 days were incubated with K562, MOLT-4, L929, and HeLa cells for 3 h, and the cytotoxicity was evaluated. b Cytotoxic activity of human lymphocytes against K562 cells on day 6 of activation by different concentrations purified from human lymphocytes Tag7 (native Tag7) or recombinant Tag7 protein (rTag7). Data are presented as the mean ± SD of 3 independent experiments. Differences from the control in all cases are significant at p < 0.05 (Student t test).
Tag7 Induces Anticancer Activity via TREM-1 ( Fig. 1 b) . No traces of cytotoxic activity were observed after incubation without Tag7 protein. As a positive control, we used incubation with IL-2 protein. As we have shown previously, in this case cytotoxic activity is observed [11] (see online suppl. Fig. S2 ).
Incubation with Tag7 Results in Activation of NK Cells and CD4+ Т Lymphocytes on Day 4 and of CD8+ and CD4+ Т Lymphocytes on Day 6
To evaluate the time dependence of Tag7-induced lymphocyte cytotoxicity, PBMCs incubated with this protein were tested for cytotoxic activity at 1-day intervals ( Fig. 2 a) . This activity reached a peak on day 4, decreased on day 5, and then reached a second peak on day 6 ( Fig. 2 a) . Using flow cytometry, we estimated the composition of the population of lymphocytes activated on days 4 and 6 ( Fig. 2 b, c) . The results showed that the PBMC culture on day 4 contained CD16+CD56+ NK cells along with CD3+CD4+ and CD3+CD8+ lymphocytes. The same subpopulations of T lymphocytes were revealed on day 6, while NK cells proved to be almost absent.
To estimate the contribution of each subpopulation to the overall cytotoxicity, fractions of NK cells, CD8+ lymphocytes, and CD4+ lymphocytes were isolated by negative magnetic separation from the heterogeneous population of Tag7-activated cells on days 4 and 6, and tested for cytotoxic activity against K562 cells. This activity on day 4 was observed for NK cells and CD4+ lymphocytes, and on day 6 for both CD4+ and CD8+ lymphocytes ( Fig. 2 a) .
These data suggest that the observed cytotoxicity of Tag7-treated lymphocytes was accounted for by 3 cell subpopulations: NK cells were activated on day 4 and then disappeared, CD8+ lymphocytes were activated on day 6, while CD4+ lymphocytes showed cytotoxic activity at both these time points.
NK Cells Use Granzymes to Kill Target Cells, While CD4+ and CD8+ Lymphocytes Kill Them via the FasL-Fas Interaction
To analyze the mechanisms of tumor cell lysis by different lymphocyte subpopulations, we used antibodies to known cytotoxic agents that may be involved in the transduction of the programmed cell death signal. Target cells or lymphocytes were preincubated with these antibodies before coincubation of the cells, and then cytotoxicity was evaluated ( Fig. 3 a-c) . Antibodies to granzyme B completely suppressed the cytotoxic activity of NK cells but had no effect on that of CD8+ and CD4+ lymphocytes. In turn, antibodies to FasL and Fas prevented target cell death under the effect of CD8+ and CD4+ lymphocytes. Thus, different lymphocyte subpopulations proved to use different mechanisms for inducing programmed cell death pathways in the target tumor cells.
NKG2D and MicA Are Necessary for Tumor Cell Lysis by CD8+CD3+ Lymphocytes via the FasL-Fas Interaction
It is known that NK cells can kill tumor cells devoid of the HLA antigen, but this is not characteristic of typical CD8+ lymphocytes. We supposed that the cytotoxic effect observed in our experiments was caused by specialized subpopulations of these lymphocytes.
As shown previously, CD8+NKG2D+ lymphocytes treated by IL-2 or IL-15 can transform into LAK cells with NK-like activity [9, 10] , which carry the NK cell activating receptor NKG2D. This receptor interacts with MicA, an unconventional MHC molecule expressed on the surface of HLA-negative tumor cells. Using flow cytometry and specific antibody staining, we showed that K562 expressed MicA, while CD3+CD8+ lymphocytes expressed both FasL and NKG2D on their surface ( Fig. 4 а, b) . We then analyzed the effect of antibodies to MicA and NK-G2D on the cytotoxicity of the CD3+CD8+ lymphocyte subpopulation. The results showed that either anti-NK-G2D or anti-MicA antibodies blocked the cytotoxic activity of this subpopulation, while treatment with preimmune IgG was completely ineffective ( Fig. 4 с) .
To verify these results, we knocked down MicA expression in the K562 cells and subsequently treated the cells with the CD3+CD8+ lymphocyte subpopulation. We produced 2 stable knockdown lines and selected clones in which the level of the unprocessed MicA transcript was only 20-30% of the control cells (quantitative PCR data; online suppl. Fig. S3 ). These clones were not susceptible to the cytotoxic effect of the CD3+CD8+ lymphocyte subpopulation. Therefore, MicA knockdown completely blocked the cytotoxic effect of activated lymphocytes ( Fig. 4 c) . The control clone was killed by the CD3+CD8+ lymphocyte subpopulation ( Fig. 4 c) . Our data suggest that MicA is essential for cancer cell recognition and killing by CD3+CD8+ lymphocytes. Thus, the active lymphocyte subpopulations differ in the mechanisms by which they recognize and kill HLA-negative tumor cells: the NK cells are known to recognize them through the NKG2D-activating receptor [10] and kill by releasing granzymes; the CD8+ lymphocytes also use this receptor to recognize target cells but kill them by a FasL-mediated mechanism; the same FasL-Fas mechanism is used by the CD4+ lymphocytes to kill target cells.
Cytotoxic Lymphocytes Induce Apoptosis and Necroptosis in Target Cells via the FasL-Fas Interaction
To gain a deeper insight into the mechanisms of tumor cell lysis by lymphocytes, we analyzed the dependence of their cytotoxic activity on the time of incubation with K562 cells (online suppl. Fig. S4 ). This dependence proved to be nonlinear: the cytotoxic activity peaked after 3 h, dropped after 6 h, and then reached the second peak after 24 h. Such a pattern of the activity curve suggested that lymphocytes induced different mechanisms of programmed death in the target cells, with consequent differences in its dynamics.
To identify the type of programmed cell death induced by activated lymphocytes, their cytotoxicity was evaluated in the presence of inhibitors of the key molecules involved in the apoptotic and necroptotic signaling pathways ( Fig. 5 ) . The inhibitors of proapoptotic caspases 3 and 8 proved to completely block target cell death at the 3-h time point but had no effect at the 24-h time point; conversely, the antinecroptosis inhibitor necrostatin-1 blocked cell death at the 24-h time point, but was ineffective at the 3-h time point. These results provide evidence that lymphocytes incubated with target tumor cells induce their death by apoptosis after 3 h and by necroptosis after 24 h.
Treatment with Tag7 Leads to Activation of Monocytes and Consequent Increases in the Expression of Cytokines IL-1b, IL-6, and TNF-α
In order to understand the processes occurring in human peripheral blood cells under the effect of Tag7, we analyzed the pattern of gene activation in PBMCs treated with this protein. For this purpose, PBMCs from the same pool were incubated in RPMI-1640 with 10% FBS (control) or in the same medium containing 10 -9 M Tag7 for 3 and 24 h, and the total RNA extracted from these cells was used for global gene expression profiling with the Illumina HumanHT-12 microarray. The results of this experiment are shown in the online Supplementary Table S1 . We have devoted special attention to several genes involved in the immune response. In particular, this concerned genes coding for the cytokines released by monocytes at the initial stages of the immune response (IL-1β, increases 3.8 times after 24 h, IL-6, increases 3.5 times after 3h, and TNF-α, increases 1.5 times after 24 h). To further confirm these data, we performed additional RT-PCR analyses of the mRNA activation of these genes in the isolated monocytes, which were treated for 3 or 24 h with Tag7 ( Fig. 6 ). It can be seen that the levels of expression of these genes, IL-1β, IL-6, and TNF-α, are strongly increased. As a control, we tested the monocyte-deprived PBMC population for the levels of expression of these genes, and found no increase (see online suppl. Fig. S5 ). These data confirm that the cytokine genes expressed by monocytes at the initial phase of the immune response are activated significantly upon incubation with the Tag7 protein.
To test for the involvement of monocytes in the induction of PBMC antitumor activity, they were removed from the PBMC pool, and the remaining cells were treated with Tag7 for 6 days. No cytotoxicity was observed in this variant ( Fig. 7 ) . We then treated previously isolated monocytes with Tag7 for 24 h, added them to the monocyte-free PBMC pool, and incubated this cell mixture for 6 days without Tag7. As a result, lymphocytes acquired cytotoxic activity against K562 cells ( Fig. 7 ) . This is evidence that monocytes are indeed required for lymphocyte activation by Tag7.
According to published data, the genes coding for the aforementioned cytokines in monocytes can be induced upon activation of TREM-1, triggering receptors expressed on myeloid cells [23] . Furthermore, it has been shown by Read et al. [24] that Tag7 (PGLYRP1) in the complex with bacterial peptidoglycan or in a multimeric form is capable of binding to TREM-1 during immune responses triggered by bacteria. These authors also demonstrated the direct binding of these 2 proteins. Hence, we hypothesized that it is the interaction of Tag7 with TREM-1 on the surface of monocytes that triggers the development of lymphocyte subpopulations with antitumor activity. To test this hypothesis, PBMCs were treated with Tag7 in the presence of the LP17 peptide, an inhibitor of TREM-1. This peptide is used to disrupt the signal transduction via the TREM-1 receptor [21] . As expected, this peptide completely blocked lymphocyte activation ( Fig. 7 ) .
Discussion
The results of this study show that treatment of PBMCs with the Tag7 protein stimulates the development of lymphocyte subpopulations with antitumor activity. This is due to the ability of Tag7 to interact with the TREM-1 receptor on monocytes, with the consequent emergence of NK cells and T lymphocytes with cytotoxic activity against target tumor cells devoid of MHC. TREM-1 belongs to the immunoglobulin superfamily, is expressed on macrophages and neutrophils, and can be activated in response to various proinflammatory stimuli, such as PAMPs [25, 26] . This receptor is probably implicated in monocyte activation and anti-inflammatory immune responses [27] . Its silencing markedly reduces activation of the key cytokine genes under the effect of LPS [28] . Read et al. [24] showed that Tag7 is able to interact with the TREM-1 receptor, inducing the secretion of proinflammatory cytokines. Here, we have shown an activation of the proinflammatory cytokine genes in response to the Tag7 stimulation of TREM-1. We have also shown here that TREM-1 may be involved in lymphocyte activation and the consequent development of cytotoxic subpopulations capable of killing MHC-negative tumor cells.
The data presented above contribute to the list of known activities in which Tag7 may be involved. As shown in our previous studies, this protein not only has antibacterial properties, but can exert a direct antitumor effect, acting in complex with heat shock protein Hsp70. Being expressed on the surface of CD3+CD4+ lymphocytes, Tag7 is involved in the recognition of target tumor cells devoid of MHC [11] . It also forms a complex with the Mts1 protein, which causes the chemotactic migration of lymphocytes [16] . Here we have shown that Tag7 has one more function -it is capable of activating human peripheral blood lymphocytes.
The treatment of a peripheral lymphocyte pool with Tag7 results in the generation of subpopulations of active NK cells capable of killing HLA-negative tumor cells and of CD8+ and CD4+ T lymphocytes, which also cause the lysis of tumor cells but by a different mechanism, via FasL-Fas interaction. Such cytotoxic lymphocytes are also generated upon activation of peripheral blood leukocytes by the IL-2 cytokine, as we have shown previously [11] . Treatment with either Tag7 or IL-2 leads to activation of unconventional lymphocyte subpopulations. The CD4+ subpopulation kills tumor cells using the FasL-Fas mechanism, and this function is novel for this subset of cells. For the CD3+CD4+ fraction treated by IL-2, we have shown previously that the CD4+ subpopulation kills tumor cells using the FasL-Fas mechanism and the membrane-bound Tag7 protein that recognizes the Hsp70 stress molecule on the tumor cell surface [11] . Since Hsp70 is not expressed on the surface of normal cells, it can be regarded as a danger signal, with Tag7 (which recognizes this signal) serving as a danger receptor similar to NK cell-activating receptors and PAMP-recognizing receptors. The CD8+CD3+ cytotoxic subpopulation is also unconventional: these lymphocytes use the NK cell-activating receptor NKG2D to recognize HLA-negative tumor cells. A noteworthy fact is that the 3 subpopulations of effector cells differ in the dynamics of activation. The NK subpopulation is activated by day 4 of Tag7 treatment, and then these cells disappear within a very short time. Active CD8+ lymphocytes appear later, by day 6, making no significant contribution to the overall cytotoxicity prior to that. In contrast, CD4+ lymphocytes remain active for a long time, and their cytotoxic effect is manifested both on day 4 and on day 6.
The cytotoxic processes induced in target cells by FasL+ lymphocytes are also not ordinary. Affecting K562 tumor cells via the FasL-Fas interaction, they trigger 2 different pathways of programmed cell death. As a result, 1 K562 subpopulation dies by apoptosis (with the involvement of caspase cascade), and the other dies by necroptosis (with the involvement of RIP1 kinase). It was shown TREM-1 receptor on the monocyte surface is required for the induction of cytotoxicity under the effect of Tag7. Tests for cytotoxicity of lymphocytes from the PBMC pool after different variants of treatment: A, the PBMC pool was treated with Tag7 for 6 days; B, the PBMC pool was treated with Tag7 for 6 days after the removal of monocytes; C, isolated monocyte fraction was treated with Tag7 for 24 h, added to the monocyte-free cell pool, and the resulting mixture was incubated without Tag7 for 6 days; D, the PBMC pool was treated with Tag7 for 6 days in the presence of peptide LP17, a TREM-1 inhibitor, added 1 h prior to treatment. Data are presented as the mean ± SD of 3 independent experiments. Differences from the control in all cases are significant at p < 0.05 (2-way ANOVA).
previously that soluble FasL can induce not only apoptosis but also RIP1-dependent cell death [29] . We have recently shown that lymphocytes activated via IL-2 can induce both apoptosis and necroptosis via FasL-Fas interaction [30] . In our work, we have found that FasL from the lymphocytes surface can also trigger RIP1-dependent necroptosis in target cells. This property can contribute to the enhanced antitumor activity of generated cytotoxic lymphocytes by countering apoptosis resistance of evasive tumor cells. It should also be noted that, as follows from the results of this study, the innate immunity protein Tag7 interacting with the innate immunity receptor TREM-1 on the surface of monocytes (involved in the innate immunity response) can stimulate processes that lead to the induction of acquired immunity cells with antitumor activity. Thus, this protein appears to be one more connecting link between the 2 branches of the immune response. We have shown that the lymphocyte activation either by the recombinant Tag7 protein or by the Tag7 isolated from the human lymphocytes is equivalent. Taking into account that Tag7 is present in cells of the human immune system, and can be secreted by them [15] , it could be suggested that this protein may be involved in the immune response regulation.
